Abstract. Coherent X-ray diffraction experiments have been performed on high quality crystals of the charge density wave (CDW) system K 0.3 MoO 3 . Regular fringes have been observed which are consistent with the presence of a single CDW dislocation. This dislocation is a screw-like dislocation which runs along chains axis and with a Burgers vector parallel to the CDW modulation. This first measurement confirms the presence of CDW dislocation embedded in the bulk in CDW systems and could throw light on the role of such topological defects in conversion processes of normal electrons in condensed electrons.
INTRODUCTION
The richness of Charge Density Wave properties is directly related to the one dimensional (1D) character of their electronic structure. Upon cooling, the quasi 1D electron system undergoes a 3D modulation of the electronic density, at twice the Fermi wave vector 2k F , associated with a periodic distortion of the host lattice [1] . The CDW ground state resulting from this instability is a typical example of electronic crystal. This crystal can slide as a whole for an electric field larger than a threshold, whose existence is related to the pinning of the CDW on defects.
As any crystal, a CDW is elastic and can exhibit intrinsic defects like dislocations. Detailed knowledge of these defects is essential to understand the CDW dynamics as first suggested in Ref. [2] . Indeed, the conversion of free carriers into condensed electrons near contacts [3] [4] requires to create or destroy CDW phase fronts by dislocation climbing [5] . The variation of the CDW wave vector with temperature, or the narrow band noise generated by the CDW sliding, are other phenomena interpreted as due to dislocations.
Although CDW dislocations are structural features, such defects have never been directly observed in electronic crystals by classical diffraction methods, even though indirect evidence of CDW dislocations close to contacts have been reported [6] . The periodic distortion of the lattice associated to the CDW u (r) = u 0 cos (q c · r + (r)), gives rise to satellite reflections located at +/− q c around each fundamental Bragg reflection. In classical diffraction experiments, the satellite intensity is proportional to the Fourier transform squared of the space average <u(0)u(r)>. The corresponding satellite smooth profiles can be explicitly calculated in the weak pinning approach, as a function of the CDW correlation length [7] . The coherent diffraction of disordered systems no longer leads to smooth diffraction features, but to speckle patterns, which are related to the exact disorder configuration probed by the x-ray beam. Indeed, a first coherent diffraction experiment performed on NbSe 3 clearly showed a typical speckle pattern [8] . In this The experiment consisted in recording the 2D diffraction patterns of the Q s = (5, −1, −3)+ q c reflection for different beam positions on the sample. Due to the experimental geometry, the 2D reciprocal plane corresponds to the (b*, t*) plane, where t* is the direction tilted at 19.5
• from the 2a*+ c* direction. For most of the positions, the pattern exhibited a sharp component only (see Fig.1a ), far from typical speckle patterns of disordered systems. The spot is almost circular (∼50 m in FWHM).
By translating vertically the sample by 20 m steps over 2 mm, the profile remained similar for most of the cases. For some beam positions on the sample, however, regular fringes appeared, in the t* direction only (see Fig.1b ) but never along b*. No fringe were ever observed on the (6, 0, −3) fundamental Bragg reflection. Similar diffraction patterns were observed in another sample (see Fig 1c) . Because the penetration length ( The presence of regular fringes in Fig.1b and Fig.1c , is not due to the diffraction of an finite CDW domain, smaller than the transverse coherent length of the beam, because such truncation effect leads to fringes whose intensity is weak (see for example the diffraction of slits or nanocrystals [9] ). Those fringes cannot be due to the mosaïcity of the CDW either, because the CCD camera cuts the reciprocal lattice mainly through the radial direction. The fringes observed here are thus due to interferences between CDW domains, induced by localized phase field deformation of the CDW. As in any elastic medium, simple cases of screw and edge dislocations can be considered, given that the 1D character of CDW requires a Burgers vector parallel to q c . Furthermore, because of the charged character of the electronic crystal, compression or dilatation of the CDW along b* is expensive in terms of Coulomb energy. The elastic constants K i are thus expected to be strongly anisotropic in a CDW system, as shown by inelastic scattering measurements in the blue bronze [10] :
The absence of fringe along b* of the Fig.1b and the knowledge of the elastic constants, reduces the number of solutions to: i) the screw like dislocation where the Burgers vector is q c and running along the b* direction = tan
and ii) the edge dislocation whose line is along 2a*-c* = tan
. Although the solution of the edge dislocation can not be excluded, the screw-like dislocation has only been considered in the following, fitting the experimental data with a better accuracy. Because the CDW wave vector q c is not parallel to the chains axis, it corresponds to a mixed dislocation, running along the chains direction.
This screw-like dislocation is displayed in Fig.2c . The experimental elastic constants K i given above have been used for the fit of the Fig.2a . No fringe appears along b* in agreement with the experiment.
The profile of fringes depends on the location of the screw-like dislocation in the probed volume. One can estimate from simulations [11] that the dislocation line has to be located at 5 m from the surface to properly fit the experimental data.
Since no fringe have been observed on the (6 0 -3) fundamental Bragg reflection, this topological defect is a pure CDW dislocation which is not associated to similar topological defects of the host lattice.
By probing the sample over 2 mm with the 20 m*20 m beam, no fringe was never observed along b*. This is an indication that the CDW remains globally coherent along b*, from the top to the bottom of the sample. Furthermore, the density of such line dislocations was extremely low (∼ 10 −2 mm −3 ). We only took into account a single 1D perfect dislocation line without considering several dislocations or more complex topological defects as dislocation loops. However, the original diffraction pattern of Fig.1b and Fig.1c , especially the small number of fringes, limits significantly the number of solution. For example, the presence of several dislocations would imply much more fringes and loop dislocations additional fringes along b*. Moreover, since screw dislocations involve shears, they have smaller energies than edge ones, which involve compression and dilatation along the 2k F direction b*. The presence of CDW screw dislocations is thus expected from theoretical arguments [12] .
Coherent diffraction thus appears to be a unique tool to probe individual topological defects of an electronic crystal.
This observation is particularly important in the case of CDW systems where the intrinsic defects are the corner stone of a number of physical phenomena like conversion processes.
